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[57] ABSTRACT 
A variable-speed pump system comprising: a hydraulic 
machine having a flow adjusting means and including at 
least a pumping function; a rotary machine operatively 
connected to the hydraulic machine and including at 
least a motor function for rotating the hydraulic ma 
chine; a frequency converter for driving the rotary 
machine; and a control system for controlling variable 
speed operation of the rotary machine according to a 
command signal from an external unit. The pump sys 
tem also includes an electric power control system, a 
flow adjustment control system, and a rotational speed 
control system. The power control system has a negligi 
bly small time constant, compared to the time constant 
of the rotational speed control system. The flow adjust 
ment control system and/ or the rotational speed control 
system has a means for setting a transmission function in 
such a manner that a mechanical load of the hydraulic 
machine is not reduced while the rotational speed 
thereof is increasing, and that the mechanical load is not 
increased while the rotational speed is lowering. 
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PUMP SYSTEM OPERABLE BY 
VARIABLE-SPEED CONTROL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a pump system 

including a variable-speed drive unit composed of a 
frequency converter and an electric rotary machine, 
and a hydraulic machine (pump, pump turbine or the 
like) operated at a variable speed by the variable-speed 
drive unit and having at least a pump function. More 
particularly, the invention relates to a pump system 
which is operable, in quick response to external com 
mand signals, by a variable speed control suited for 
improving the demand-supply balance of electric power 
of an electric power system. 

2. Description of the Related Art 
In conventional pumped storage power plants, it has 

been a common practice to perform either a generating 
operation or pumping-up operation, with the rotational 
speed of a pump turbine being ?xed at a common con 
stant value and, during pumping-up operation, linearly 
adjusting an opening amount on guide vanes of the 
pump turbine according to a predetermined function of 
the head. 
However, the above conventional plants bear only 

mere loads having no degree of freedom (unadjustable), 
from the view point of the electric power system, dur 
ing pumping-up operation to that no adjustment is possi 
ble to improve the demand-supply balance of electric 
power of the electric power system. 
To this end, variable-speed pump systems have re 

cently been proposed in which the rotational speed of a 
pump turbine is variable so as to correspond with the 
electrical power system during the pumping-up opera 
tion. 

For example, Japanese Patent Laid-Open Publication 
No. 203883/1984 discloses an operating method in 
which, if a request was issued to reduce the input to a 
pump from the system while the pump is operating, the 
rotational speed of the pump is lowered, without creat 
ing variation or noise. This is accomplished by control 
ling the amount of opening of guide vanes prior to the 
speed control of a speed control unit of an induction 
generator-motor only during reduction of input to the 
pump. 

Further, Japanese Patent Laid-Open Publication No. 
128886/ 1985 discloses another operating method in 
which, if a request was issued to increase the input to a 
pump from the system while the pump is operating, the 
rotational speed of a pump is increased, without creat 
ing vibration of noise, by controlling the speed change 
of an induction generator-motor prior to the control of 
opening of the guide vanes for adjusting the amount of 
water flow, only during increase of input to the pump. 
However, these two prior operating methods aim 

primarily at the stability of operation of a pump and 
vary the rotational speed of the pump within the range, 
in which the pump is stably operated, in an attempt to 
meet the request from the electric power system. Since 
this elongates the total response time of the system more 
than necessary, it is impossible to quickly respond to 
rapid ?uctuations of the electric power system. 
To cope with this prior problem, a solution was pro 

posed by Japanese Patent Laid-Open Publication No. 
212774/ 1988 disclosing a technical concept of control 
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2 
ling a variable-speed pumping-up generator to respond 
quickly to the ?uctuation of the electric power system. 
The variable-speed pump system of the Japanese 

Publication No. 212774/1988, as shown in FIG. 17 of 
the accompanying drawings, comprises a variable 
speed drive unit composed of a frequency converter 3 
and an electric motor 2, a pump 4 for being operated at 
a variable speed by the variable-sped drive unit, and a 
control system for controlling the variables-speed drive 
unit and the pump 4. 
The contiol system of this prior pump system is 

equipped with a rotational speed control circuit, an 
electric power control circuit, and a guide vanes con 
trol circuit. 
The rotational speed control circuit includes an opti 

mum rotational speed function generator 12 for input 
ting an electric power command signal P0 from outside 
and a static head HST (representing a water level differ 
ence of upper and lower reservoirs of the pump) at that 
time and then calculating an optimum rotational speed 
Non at that time from these inputs. The rotational 
speed control circuit further includes adder 18 which 
compares an output signal Nam-from the function gen 
erator 12 with a real rotational speed N and constitutes 
a negative feedback circuit, and an electric power con 
trol correction signal generator 16 equipped with at 
least an integrating element for nullifying the difference 
between the output signal NOPT and the real rotational 
speed N. Accordingly the rotational speed control cir 
cuit outputs a correction signal e. 
The electric power control circuit includes an adder 

19 for summing an electric power command signal P0 
and its correction signal 6 to obtain a composite signal 
P0+e, and an adder 20 which compares this composite 
signal with a real input PM and constitutes a negative 
feedback circuit, and an electric power controller 7 
equipped with at least an integrating element for nullify 
ing the difference between the composite signal and the 
real input PM. Accordingly the input PM of the electric 
motor 2 is controlled by the frequency converter 3, 
which is for alternating excitation, so as to be a compos 
ite signal P0+e. 
The guide vanes control circuit includes an optimum 

amount-of-opening-of-guide-vanes signal generator 13 
for inputting a load command signal P0 from outside 
and a static head HST and then calculating an optimum 
amount of opening of the guide vanes Yoprat that time 
from these inputs, an adder 21 which compares an out 
put signal YopT of the signal generator 13 with a real 
amount of opening of the guide vanes Y and constitutes 
a negative feedback circuit, and guide vanes controller 
9 for nullifying the difference between the output signal 
Yoprand the real amount of opening of the guide vanes 
by an integral element built in the controller 9. 
With this prior control system, it is possible to take in 

equilibrium state N=N0pTby the rotational speed con 
trol circuit, normally PM=P0+e by the electric power 
control circuit, and Y=Y01=Tby the guide vanes control 
circuit. Since the difference between an input Pp re 
quested by the pump and a real input PM to the electric 
motor is absorbed to zero by the integrating action of a 
moment of inertia GDZ, which is normally regarded as 
a sort of integrating element and is possessed by the 
electric motor 2 and the pump 4, PM=P,,. Further, if 
errors of the function generators 12, 13 are neglected, 
substantially Y0p7~=Y corresponding to P0 and 
NOpT=N corresponding to P0. Therefore the relation 






























